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ABSTRACT

The end-of-mission AV reserves for lunar missions
to Copernicus and Descartes during the J2, J3 time frames
(Apollo 16, 17) are optimized with respect to LM approach azi-
muth and sun elevation angle at landing. Results are presented
for a short and a one-day-longer mission duration for both one
and two days of post LM ascent orbital science. Reasonable
values of approach azimuth common to all launch opportunities
within a given three-month time frame are determined. These
values are: -97° (Copernicus, J2), -95° (Copernicus, J3),
-91° (Descartes, J2) and -84° (Descartes, J3).

It is found that day longer missions are feasible
in all cases for both one and two days orbital science. Low
end-of-mission AV reserves are encountered for some short
missions, in particular Copernicus (J2). The launch oppor-
tunities within each time frame can be chosen so that the
launch vehicle sigma capability is greater than two for all
missions with optimum sun elevation angles.
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Introduction

Current mission planning requires at least one launch
opportunity for the nominal launch month and at least three
launch opportunities during the two succeeding months. These
launch opportunities are designated as nominal day (To), one

day later launch (T+24) and one day earlier launch (T-24). 1In
addition, a common LM approach azimuth must be selected for all
launch opportunities during the given time frame. The current
launch schedule fixes the J2 (Apollo 16) and J3 (Apollo 17) mis-
sion time frames at 3,4,5/1972 and 12/1972, 1,2/1973, respec-
tively. The most probable sites for these missions are Descartes
and Copernicus.

As a first step in the selection of mission parameters
it is useful to optimize the end-of-mission AV reserve with
respect to landing azimuth and sun elevation. An end-of-mission
AV reserve of 500 ft/sec is considered desirable for a feasible
mission whereas a minimum value of 250 ft/sec can be tolerated.
With the determination of the optimum mission reserve AV, poten-
tial "difficult" or unfeasible missions can be determined and
the tradeoffs that will have to be made in the selection of a
common approach azimuth become evident. For the results pre-
sented here the end-of-mission AV was optimized with respect
to approach azimuth and sun elevation subject to a DPS abort
constraint and sun elevation limits of 5-25°. Twenty-five degrees
is an estimate of the upper sun elevation limit based on the adop-
tion of a steep LM descent profile. The mission designations and
the more prominent ground rules are presented in Table I.

Results

The optimized results are presented in Tables II-V.
In addition to the optimized value of approach azimuth, sun
elevation angle and end-of-mission AV reserve, the launch
vehicle sigma (o) capability level corresponding to the opti-
mized mission is presented. Launch vehicle capability is




BELLCOMM, INC. -2 -

defined using a 20 baseline capability of 107,600 1lbs for the

J2 launch vehicle and 106,700 lbs for the J3 launch vehicle
(derived from Reference 1). The contributions to payload capa-
bility from temperature and wind effects, FGR (230 lbs), mission
specific energy and change in minimum launch azimuth from 72° to
80° (570 1lbs, Reference 2) are added to the baseline figure. The
result is then converted to a sigma capability corresponding

to the injection of a control weight spacecraft by means of

the factors 1.095 1bs payload per 1b S-IVB propellant (Refer-
ence 3) and 1100* 1lbs S-IVB propellant per sigma level.

Based on the results in Tables II-V an estimate of
the required landing azimuth for each time frame may be made.
These values are presented in Table VI.

TABLE IV
ESTIMATE OF APPROACH AZIMUTH

Site Approach Azimuth
Ccpernicus
J2 time frame -97°
J3 time frame -95°
Descartes
J2 time frame -91°
J3 time frame -84°

The above estimates of approach azimuth were made with the
object of providing as much flexibility as possible with regard
to science and mission duration. A general summary of the
results in Tables II-V followed by comments on a mission spe-
cific basis is presented below.

Summarx

+ The day longer missions for both one and two days
orbital science appear feasible in all cases.

*Based on AS-509 Flight Performance Reserve analysis.
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Since available LM rescue AV and end-of-mission AV
are approximately equal it can be seen from the AV
data pertaining to longer missions that the LM rescue
requirement of 600 ft per sec can generally be satis-
fied for longer transearth flight times.

The launch schedule can be chosen so that the
sigma capability level is greater than two for
all optimized cases. The effect of varying
approach azimuth has negligible effect on launch
vehicle capability. The reduction of the sun
elevation from its optimum value would result in
a higher translunar energy and a decrease in
launch vehicle sigma capability.

Short missions generally optimize at lower sun
elevation angles (higher translunar energy) than
longer missions. This is a result of the high

TEI AV cost for short missions. Reducing the

sun elevation at landing results in an earlier
time of arrival at the moon and an earlier time

of TEI for fixed science duration. Since earth
landing times are determined primarily by the
earth's rotation and are therefore relatively
fixed, the net result is an increase in the trans-
earth time of flight and a reduction in TEI AV cost.

Mission Specific Results

Descartes (J2)

+ Short missions for both one and two day science

appear feasible with some cases near the minimum
required end-of-mission AV (250 ft/sec).

Descartes (J3)

- Three nominal launch opportunities are available

for first launch month (12/7,8,9/72). Of these
12/8/72 appears to be the most advantageous as
12/7/72 is a borderline case for short missions.

Short missions appear feasible for one and two day
science.

Four launch days are available in January 1972.
This is indicated by the presence of two launch
sequences, 1/5,6,7/73 and 1/6,7,8/73. It should
be noted, however, that launch vehicle require-
ments for 1/8/73 are more stringent.
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Copernicus (J2)

Short missions for one and two days science
are not feasible for the first month launches
(3/20,21/72) and for the nominal launch day in
the second month (4/18/72).

Short missions for the launch opportunities
4/17/72, 4/19/72 have end-of-mission AV's above
250 ft/sec, however, these may fall below for a
non-optimum approach azimuth. The remaining
short mission opportunities (third month) appear
feasible.

Copernicus (J3)

Short missions for one and two days orbital
science appear generally feasible with the pos-
sible exception of 2/8/73, 2/9/73.

R ). Taon

2013-RJS-slr R. J. Stern
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TABLE I

MISSION DESIGNATIONS AND GROUND RULES

One Day Orbital Science

Duration

Short Mission Duration

One Day Longer Duration

Mission Duration

Two Days Orbital Science

) ) Duration
Short Mission

Duration

Duration
One Day Longer

Mission Duration

between 11-12
between 12-13

between 12-13
between 13-14

between 12-13
between 13-14

between 13-14
between 14-15

days
days

days
days

days
days

days
days

(To, T+24 launches)
(T-24 launch)

(TO, T+24 launches)
(T-24 launch)

(TO, T+24 launches)
(T-24 launch)

(TO, T+24 launches)
(T-24 launch)

Launch Azimuth = 80°
Pacific Injections

Time in LPO from LOI to PDI

e e

Approach Azimuth Optimized for each Mission

Sun Elevation Optimized Betwe

Stay Time 67-68 Hrs.

24 Hrs. for To’ T+24 Launch
48 Hrs. for T-24 Launch

en 5°-25°

Transearth Flight Time Between 50 and 120 Hrs.

Maximum Return Inclination =

70°

End-of-Mission AV Reserve Based on Control Weight Spacecraft



*2ouanbas 93PUIITUak

0/8qT S0ZTI 3O I030®e3 ® bursn A3rTiqedeo ewbis 03 polisauocd ST 3yblam peotiled

* 008 3O yznwize younel umwtuTw pue ‘Abasus ‘Y54 ‘puTs pue sanjeradwdl WOIF SUOTINGTIFUOD

peotded sapnyour

*(sqar 0SE€‘LOT =

3ybtom pejoalur) 3zexosoeds 3ybIam TOIIUOD I0F PAUTISds

L6°1 €21 159 0°52 0°L8- L6°1 €11 347 0°52 0°L8- vZ+L  €L/8/T
" . - . o
€92 €21 0LTT 1°¥%2 0°L8- ve'e €11 919 STLT 6°L8- & €L/L/T
092 €ET 6LTT 9°¢€T 0°L8- 1€ £€°CT 6S9 T°LT 0°L8~ yZ-L €L/9/Tx%
052 £'¢t 6211 0°52 T°.8- 0€°C €°1T €65 £°12 z°L8- ¥Z+L  €L/9/2
o
652 €21 66TT 1°6T 0° L8~ ze e €11 €€9 v°6 T°L8~ L eL/s/e
65°¢ €°€T G811 1°ST 0°L8- (4084 €°CT 9¢€9 z°6 0°L8~- ve-1 EL/V/T
€9°2 £€°CT 0LTT T°ve 0-L8- ve“ 2z €11 919 S LT 0°L8- vZ+L EL/L/T
09°2 €°zT 860T 6°TT S°98- oe°e €°1T LSS 1°s L°98- °L €L/9/1
Ls"¢ €°ET L1t €11 9°98- 0e"2 £€°2T 929 0°§ 8°98~ yZ-4 €L/S/T
9€°'¢C €21 658 0°s2 z°68- 9€°¢ €°11 6TS 0°s¢C £°68- 8y+L ¢L/6/21
29 £°2T 066 €°6T 9°€8- (404 €11 ELY 8°21 v es- yZHL  TL/8/TT
o
6S5°¢C £°CT 086 6°9 6°Z78- Zs'¢ €°TT 0s¢ 0°s 6°¢8- I zL/L/et
UOTSSTW £f
ze'e £€°2T 80€T L 1¢ 7°88- 66°C [ 119 0°LT T°L8- pz+l  CTL/9T/S
Le'e €°CT 6T2CT 0°6 L 68~ 0T°€ €°1T 9¢€S 0°g $°88- °1 ZL/st/s
(4283 €° ¢l Z290T 8°8 ¢ g6~ [4 A8 €°21 67% 1°s 1°26~ yZ-1 TL/P1/S
00°€ €°CT 9711 0°s¢ 0°68- ¥8°¢ €°T1 S9% 0°€C 0°68~ vz+l ZL/LT/v
veoe €°CT S60T 8°ST 0°26- 68°¢ €°1T 1444 ¥°0T ¥y 68- °L ZL/91/Y
vz e €°€T €66 [N At 6°76- 66°C €°CT 9LE 70T 6°26~ ve-L ZL/ST1/¥
91°¢ [ A 8G0T £°2¢ 8°T16- €8°¢ €°11 €TV LT §°06- yZ+L  ZL/8T/€
1C°¢ €°CT €01T 6°6 6°06~ S56°¢C €°11 218 0°Ss 8°88- 09 TL/LT/E
19buo Aeqg auQ UOTSSTW 3I0YS UOTSSTW ¢zp
K311 Tqede) (o®s/33) (bap) K311 TqedE) (o®s/33) (bop)
L Ll S
ewbtsg (shep) 2AI19S9Y AV a1buy AMMWW ewbTs c%w»mww 2AI9S9Y AV a1buy AMWWM s s
aToTY3A HMMWMWSQ UOTSSTH uoT3eASTH Mwa mmM SToTUBA :o+wma2a UOTSSTH uoTIEASTH MN mmd sa3ae0S59Q
younery FSSTH -30-pug | ung P youne] T -30-pud uns Feuel

(9ouatog Te3TqI0 Aeg duUQ ‘s93ae0S9Q) SYIALIWVEVA NOISSIW dIZIWILAO

II ATAVYL




*aouanbas 93eUIIITUxx

‘o/sqT S0ZT JO xo3oe3I ' Hursn A3T17Tqeden ewbTs 03 Pa3IdAuUCD ST IYHTIaM peoTlegd

*,08 JO y3jnWwIze yosunel umwiuTw pue ‘AbIsus ‘¥Yod ‘pulm pue aanjersdwel woly SUOTINGTIFUCD

peorTd&ed sspnroul " (ST 0S€’L0T = 3IybTom pajoalul) 3zeaosoeds JIYbTOM TOIFUOD I0F POUTISAx
LE'T £ €T 659 0°s2 0° L8~ L6°1 € et 9% 0°5¢ 0°L8- pT+L  €L/8/T
¥9°¢ £ €T L8T1T v ve 0° L8~ 9g°2 £zt L9 8 LT 0°L8- °t eL/L/1
29°2 VI S6TT g€z 0°L8~ £€°C £°€T 889 PeLT 0°L8- ve-d  €L/9/Txx
05°2 T €T 6STT 0°62 € L8~ 1€°¢2 A 6£9 4 1°L8- vz+l  €L/9/2
o]
6S°¢C AR LzZ1 €°G6T 0° L8~ ez €°z1 SL9 L°6 0°L8~ he €L/S/T
19°¢ €°vT Y121 [N ! 0°L8- vE'T £ €T LL9 V6 0°L8- vZ-L  €L/¥/T
v9°2 € €T L8TT 2 74 0° L8~ 9€°¢ €21 L9 8°LT 0°L8- pZ+L  EL/L/T
09°¢ €7 ET TTTT 6°11 vr98- ze°C A 685 7S 9°98- °s  €L/9/1
85°¢ £y ZVIT S 1T 0°L8- 0€°e €€t 859 0°'s L°98~ vZ-I  €L/S/T
9€°¢ £°€T LS8 0°52 1°68~ 9c°7 ¢ z1 1827 0752 768~ 8v+L TL/6/T1
09°¢ £ el 866 L6l S v8- ve“e A L0S T €1 3°€8- pZ+L TL/8/T1
65°2 € €T 986 L 6°78~ 25°2 €21 9c¢ 0°S 6°28- °r zu/L/zn
UOTSSTH €0
0€"¢€ RN 9G6¢T v-1e T°L8~ €0°€ €21 82L € LT T°L8- ye+L  2L/91/S
vE“€ Z°€T £92T 9°8 G°88~ 0T°€ £°21 159 0°s 0°88- °L zL/s1/s
122K (AR A 1601 L8 26~ 2T°¢€ € €1 vev T8 z €6~ pz-L IL/VT/S
00°€ Z €1 v9TT 0°§¢ 0°68- L8°2 €°z1 696 voee T°L8- yZ+L  TL/LT/Y
6T € T°€T £ETT 9" %1 S 68— 16°2 €21 0€s 9°0T y°68- °1 2L/91/v
oe°¢ 7T 8T0T £ 9T S°Z6- T0°¢ € €1 LYY S 01 6°C6- pe-L CZL/ST/¥
21 ¢ T €1 680T [ ¢4 1°06- 98°Z €21 237 €°LT L' 68- v+l ZL/81/€
[o]
12°¢€ T°€1 6ETT b6 0°06- G6°2 AN 996§ 0°§ 6°88- I TL/L1/E
UOTSSTH 4N
IabuoT Keqg suQ UOTSSTHW 3I0US
A31rTqede) (09s/37) (bap) «&311Tqede)d (03s/33) (bap)
* b :
eubts (shep) o | oazesau Av a1buy (bap) ewbtTs (s&ep) | 5 zes8u AV a1huy (bsp)
uoTtjieang yanuwizy uotjeand YInwrzy so3aeosaq
STOTUSA UOTSSTH UOTSSTH UoTIBASTE | pytpuer eIoTUPA UOTSSTW UOTSSTH uorIeAsTy butpue]
youneT : : -3Jo-pud ung : youner : i -JOo-pud ung ;

(oousTog Te3ITqI0 SAed oml ‘$931e0S2d) SYILIWYIVA NOISSIW JIZIWILAO

III d749VYd




*0/sSqT G0ZT 30 z030e3 ' Huisn A3rrrqedeo ewbis o3 pajasauod sT 3ybrem peoTded

‘08 JO Yjnwrze youne] umwruTtw pue ‘Abrsua ‘¥Y5d ‘puTM pue aanjexsadwel wWOII SUOTINGTIJUOD

peoTded sapnyoul

*(8qT 0GE€’LOT =

3ybtam pojzoslul) 3yeaoosoeds 3ybToM TOIZUOD I03F pPaAUTIads

Sg'z 1°21 zoL 0762 886+ S€°¢C [°11 LLe u~se 8°86— v+l €L/6/T
LS°¢ I°CT 656 8°9T STL6- [4 24 1°T1 6G¢€ 8°¢ET S°L6- OB €L/8/T
6G°C T°€T 0C2TT 0°LT 0°v6- [4 284 [AARAN 699 v eT 6°€6- vZ-1L €EL/L/T
S9°¢ 1°2T SZoT I 24 €°€6- £€6°¢C T°1T1 €18 9°T¢C € €6- yTHL E€L/0T/T
99°¢ (ANAN vLOT (AN TTE6- 8v°¢ (AR 0T9 6°8 z°€6- °r  €L/6/1
3 -Rr4 2°¢T oy8 S'0T (A SE€°C [ARAN 186G 6°9 €6~ vZ-1 €L/8/1
99°2 2°C1 S88 L"8T 2 €6~ Ly 21T 869 0°ST c €6~ vZ+L CL/TT/T1
SG6° ¢ [ARAN 978 0°g Z°g6~ §6°¢C 21T S8% 0°s 2°€6- °L ZL/01/21
UOTSSTH £
[ 28X €721 ELET 0°6¢ €766~ S0°¢ (AR €LY 1°2¢ £°€6- vZ+L TL/61/S
12 A8% [ANAS GGET 6°9T Vg6 So0°¢ 1T 1SS 9°6 v €6 °z TL/8T/S
1A 2R [N S TVt 8°ST P g6 1T1°¢ [ARAN 189 b6 P €6- vZ-L ZL/LT/S
9Z°¢ Z2°CT €C¢TT 0°¢2 S*L6- I6°2 T 1T 992 0°9T voL6- vZ+L CL/6T/V¥
9Z°¢ (AR AN 910T £°6 £°86- S0°¢ T°1TT Zh1 0°g £€°86- °L ZL/8T/Y
8Z°€ €T SYTT z°8 S°L6- €T € T°CT £ee 0°s G°L6- ve-L ZL/L1/v
66°C 1°21T 0T8 0°s¢ ¢ 10T~ 98¢ T°1T LS 8-cc Z2°T0T- vZ+l zZL/TT/€
ST € T°2T 098 0°ST S°00T- 16°2 111 6 9°0T S°00T- °L TL/0z/¢
UOTISSTW I
aabuoT Keqg auQ UOTSSTW 3I0ys
d X d s ba
S B oo e O O B T S Sl I g R R B
STOTY2A UOTSSTH UOTSSTH UOTIBASTE | piioion SToTYaA UOTSSIH UOTSSTH uoT3ieASTH ButpueT )
youner] FUE -30-pugd ung -JO-puz uns

youner

(90uaTos Te3Tqr0 Leq aup ‘snoturedo)d) SYALAWYIVd NOISSIW TAZIWILAO

AT JTdVYL



peoTied sapnioul

*0/sql §0ZT 3o I03d0e3 ® buTrsn A3TTtqedeo ewbTs 03 pa3ISAUOD ST 3ybtem peordegq
* .08 30 Yjnwize youne[ uwnwTuTw pue ‘Abisus ‘yY5Hd ‘purs pue arnjexadwedl woIy SUOTINGTIIUOD

*(SqT 0SE’L0T = 3IYybTaM pa3zoelful) 3yexdsoeds IYOSTIM TOIFUOCD IOF PIUTISA«

SE€°¢ T°€T 589 0°s¢ 8°86- 14 T°2T LST 0°52 8°86- I+l €L/6/T
. . . - o
Ls°¢ T°€T 826 6°9T 9°L6~ £p°Z T°21 9z¢ 6°€T 9°L6- L €L/8/2
85°¢ T2°p1 99071 6°9T z°€6- £v°z 2°¢l Z1s S°ET 6°€6- veg-4 EL/L/T
99°¢ Z2°¢T sbe S've b €6 Z§°¢ [N ovv 9°12 P°eg6- vZ+L €L/0T/1
o
99°¢ AR LLE ZUET 2°€6- 6v°Z 21 0zs Z°6 Z°€6- hA €L/6/1
134 €° 9T €9L 7°0T [ 9€°¢ €°€T 14534 1°L 2 E6- P-4 €L/8/1
99°¢ €°€T 9LL L°8T1 2°€6- 8v°Z [ANAS 806 Z°GT 2°€E6- vZ+L 2L/TT/2T
o
SS°¢C € €T 0TL 1°s 2 €6 §s°¢ €21 oty 0°g 2°€6- L ZL/0T/21
UOTSSTW €0
ve'e £€°€T £6€T 0°s¢ £°€6— 60°€ €°2T (422 szt €°€6- vZ+L TL/6T/S
|4 AR €°€T 88¢€T 6°9T1 V€6 60°€ €°2T ZT9 T°0T P e6- OB ZL/81/8
vv-¢€ [ A LLYT 8°6T v c6- _ 12 > €°€T 0TL 8°6 v €6- vZ-L ZL/LT/S
9Z°¢€ €T 0sTT P44 9° L6~ * v6°2 2°CT [44 S°9T S°L6- vZ+L 2L/6T/%
9Z°¢ T2 €T SE0T £€°6 £°86- ¥0°€ 27T 86T 0°S £°86- OB ZL/8T/¥
8Z°¢t °vI T9TT Z°8 L°L6- [ [N s8¢ 0°S S°L6- vZ-L ZL/LT/%
66°C 2°¢T Sz8 0°SZ S°00T1- 88°¢ 1°21 0T (A ¥4 10T~ vZ+L zL/1T/¢€
o
ST°€ T°¢€T 898 0°ST S°00T~ £€6°2 1°21 oy 6°0T $°00T~ I ZL/0Z/€
UOTSSTW Z[
xabuoT Keq auQ UOTSSTW 3II0YS
A311TqRde)d (09s5/33) (bap) A3111qedRD (09s/33) (bop)
L3 e Le ¥ b .
ewb1s (s8ep) o | nzesau av a1 buy (bap) ewbts (sdep) | lesey AV aT1buy (Bop)
3TOTY=aA uorieing UOTSSTH uoTjeasTd Uanurrzy 9TOTYIA uot3eAng UOTSSTH uoT3IRASTH yanurzy snoturadod
Ioty UOTSSTW U : 1 butpuer T2ty UOTSSTW U ; butpuerqg
youne] -30-pud ung yosuney =30~-pud uns

(souaTog Te3Tqa0 sdeq omy ‘sudTuaedo)d) SYALIWYYYd NOISSIW AIZIWILIO

A TTIYL




BELLCOMM, INC.

Subject: SPS Optimized Missions to From: R. J. Stern
Copernicus and Descartes
during the J2 (3,4,5/72)
and J3 (12/72, 1,2/73) Mission
Time Frames - Case 310

Distribution List

NASA Headquarters Bellcomm, Inc.
J. K. Holcomb/MAO Abstract Only to
C. M. Lee/MA

A. S. Lyman/MR J. P. Downs

R. A. Petrone/MA D. P. Ling

L. R. Scherer/MAL M. P. Wilson

W. E. Stoney/MAE

Manned Spacecraft Center

R. L. Berry/FM5
R. H. Kohrs/PD7
G. W. Ricks/FM5

Bellcomm, Inc.

A. Bass

P. Boysen, Jr.

O. Cappellari, Jr.
El-Baz

R. Hagner

G. Heffron

W. Hinners

B. Hoekstra
Liwshitz

L. Marshall, Jr.
E. Martersteck

Z. Menard

E. Reynolds

W. Timko

. L. Wagner

All Members Department 2013
Central Files
Department 2014 File
Library

N gROGEZAEZIo"9 OGP




